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FROM FHE EDITOR 


This may well be the most important construction 
project to be published in POPULAR ELECTRONICS 
in 1968. The DCU (‘Decimal Counting Unit’) witl 
open the door to a whole new era of project building. 
Because of its low cost. easy construction, and use 
of readily available components. Don Lancaster's 
DCU will encourage the development of unusual 
Science Fair projects, versatile test equipment, add. 
ing machines, computers, etc. The bottleneck of 
obtaining a low-cost readout has been broken. 


OLIVER P. FERRELL 


————KL LE 


February, 1968 


D IRECT, unambiguous numerical read- 
out at jow cost—the dream of most 
electronics experimenters. technicians, 
and engineerg—is now made possible by 
inexpensive integrated circuits and a few 
seldom-used Circuit tricks. For just $12 
per decade total cost, you can have a 
complete, resettable decimal counter with 
a bright staggered-line 0 to 9 incandes- 
cent readout, good from one count per 
day to 10 MHz. 

You can cascade as many of these de- 
cades together as you need for almost 
any digital display. Using these decimal 
counters, POPULAR ELECTRONICS will, in 
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Fig. 1. In IC1 and IC2. the rectangles represent flip-flops while in IC3 and {C4, the triangles 
with circles represent multiple input gates. Logic symbols replace complicated circuitry. 


future issues, show how you can make a 
digital voltmeter, digitai stopwatch, digi- 
tal multimeter, and a universal frequency 
counter. 

You’ll be able to create an adding ma- 
chine, a ballistic-velocity meter, or an 
event counter. And the list does not end 
there. Using this low-cost DCU, you can 
also make digital thermometers, elec- 
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tronic clocks, engine tachometers, direct- 
reading CB crysta! (or other frequency) 
crystal checkers, photographic shutter 
checkers—and even a digital computer. 

The basic decimal counter, whose sche- 
matic is shown in Fig. 1, uses four IC’s, 
six resistors, seven transistors, and 10 
incandescent bulbs. If desired, a complete 
decade kit is available (see Parts List). 
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PARTS LIST 


11-110—6.3-calt, 50-mA pilot lamp aud tens as- 
sembly (Southwest Technical Products 0-6.3, 
or similar) * 

IC1AIC2—MC790P dual JK flip-flop integratcd 
circiuit®* 

IC3—MC724P quad tivo-input-gate integrated 
circuit ** 

IC4—AMC7I5P dual threc-input-gate integrated 
Cire it** 

01.02—2N4402 transistur** 

023.04,05,06,07— PS2923 transistor** 

R1I,R2—33-ohim, lwealt resistor 

R3,RA---470-ahm, [4catt resistor 

RI,RO—3350-0hm. Lyrcelt resistor 

I—S3” x 314” PC board* 

Misc-—Aluminum bracket—( sea Fig. 5); pop 
rivets (2); 324 wire jumpers (8); PC ter- 
minals (6); %i6"-high instant transfer numer- 
als, black; solder, etc. 


*The following parts are available fron Seuth- 
west Technical Products Corp., 219 iv. Rhap- 
sody. Saw sAntanio. Texas 78216: ctched and 
drilled PC board +148, $3.00; set af 10 lamps 
with plastie covers and spare bulb, $2.75; com- 
plete kit of all parts, $12.00, pesipatd in U.S.A. 


**t Available jrom Allied Electronics, 100 N. 
Western Ave. Chicago, tl, 60680. Wher order- 
tug JC’s, specify as follows: FE20-(IC type aum- 
ber)-MOT. Example: ICTJC2 should be speci- 
fied as S5E26-MC790OP-M@T. Prices are: 
MC790P, $2 cach; MC724P, $1.08 cach; 
MC71I5P, $2 each. Transistors 2N4402 and 
MPS2923 are 82 and 13 cents cach, respeetively. 
Data sheets and distcibuter lists on all of the 
above ure avatlable from the maunfacturer, Mo- 
ss Semitenducior, Box 935, Phaenix, Arisoue 
5001. 


Fig. 2, Because of the complex 
wiring involved, it is aftmost 
mandatory that a printed cir- 
cuit board. such as the one 
shown here actual size, be used. 
An etched and drilled board is 
available (see the Parts List). 
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Construction. An actual-size printed 
circuit board appears in Fig. 2, while 
Fig. 3 shows how the board is drilled, 
and also indicates the positions for in- 
serting the eight jumpers required. These 
jumpers are made from +24 solid wire 
and are added on the component side of 
the board. 

When mounting the components (as 
shown in Fig. 4). be sure to observe the 
polarities for all semiconductors—making 
doubly sure that the IC’s are mounted as 
indicated. Particularly note that the code 
notch and dot of /Ci and ?C2 point in the 
opposite direction from those of /C3 and 
IC4; this orientation is critical. Use a 
low-wattage soldering iron and fine sol- 
der to make all connections. 

The readout lamp display bracket is 
cut and bent out of '42” aluminum fol- 
lowing the layout in Fig. 5. Two pop riv- 
ets secure the lamp bracket to the board. 
The indicator lamps press-fit into the 
holes in the bracket, through the front, 
and are secured by the wedging action of 
the plastic lens caps. Hach pair of bulb 
leads is soldered to the respective PC 
board terminals. Bulb marking (0 
through 9) is done with “ts” black in- 
stant transfer numerals, which are ap- 
plied to the plastic lens cap, then coated 
with a clear acrylic spray. 
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HOW IT WORKS 


Where inost dividu-by-ten circuits use a rela- 
lively complex, multi-transister arrangement of 
decoder utes and readout drivers, the decimal 
counter described in this article tirst divides by 
twe. and then by five tu produce a éiquinary 
counter, Such ato arrangement is consideribly 
Simpler than the conventiunal decimal counter in 
that it ceunires three less transistors and seven 
less decoding gates to hroduce the same results. 

The input pulse train ds fed to a divide-by-two 
counter (part of 707), a conventional Bin-flop 
which chanyes state with cach pulse input. One 
state of the input divided-by-two counter will 
indicate an odd number input while the other 
state will indicate an even nuniber. The odd-even 
signal is processed by a suction of {C4 and used 
to switch transistors Q7 and G2 so that on even 
numbers the “Even Bus’ will be supplied with 
power. and on the odd numbers the “@dd Hus" 
is powered, The schematic of the complete deci- 
mal counter shows hew the indicatiny bulbs are 
connecteal in pairs to the odd and even buses. 
Each pair of bwbs is cnnnected to «round 
through a transistor switch (03 through 07) 
which fs open when not encrgized, and closed 
when energized. 

Aiter division by two, the input pulses are fed 
to the divide-by-five cotmter. consisting of the 
remaining part of /C# and all of /C2, ‘This 
counter decides whether the iyput signal is 0 or 
1, 2 or 3, 4 or 5. 6 or 3, S or 9~-and its selected 
output sitnals are Processed by devader /C3 and 
the remainder of /C-?. The output signal from tle 


decoder will energize the appropriate transistor 
switch. effectively’ closing it and allowing cur- 
rent to flow irom the selected odd or even bus, 
through one bulb and throuwsh’ the transistor 
switch to ground, illuminating the pertinent bulb. 

For example. assume the count has reached the 
number 7. The divide-by-two counter has de- 
termined that it fs an add mumber and has ener- 
gizell the odd bus, The divide-by-tive counter 
decoder bas determined that this pulse is either 
6 or 7. and energized transistor Q6, Under those 
conditions, bulb 7 is the oaty bulb ilinminated. 

In uctual practice. all the bulbs will glow very 
dimly. even when not enerzized. dne to “steak” 
paths of series cambinations of ‘off’ bulbs. 
Walancing resistors RI and R2 are used to aver- 
ugxe the brilliance of each “oil” bulb to protluce 
a uniform, barely visible. biieckground glinw. 

On each tenth input pulse, the divide-bs-ten 
characteristic of the decimal connter circuit 
cuuses it to c¥cle to 0 indication while simul- 
taneously providing one output pulse which is 
used to start the count on another counter. As- 
sume that two decimal cousters are connected in 
cascade and the count is 9. The first decimal 
counter (indicating “one’s”) displays a 9. while 
the second decimal counter (indicating “ten's*') 
displays a ©O. When the count reaches 10, the 
“one’s” counter cycies to its 0 indication, while 
the *ten’s” counter receives one pulse to display 
a Ll. The overall ilhiminated readout is then (0, 
Still another decima! conntcr can be connected to 
the “ten’s” counter “Carrs” output to provide a 
“hundred’s” column, which will start indic:iting 
when the total count exceeds 99. And so on, 


Although what appear to be six mechanical switches 
are shown here, actually they represent high-speed 
transistor switches that are driven by the electronic cir- 
cuits shown connected to thern by the six dashed lines. 
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178" HOLES (2) TO. 
MATCH BRACKET 


#60 DRILL (24) 
(INCLUDES RI & R2) 


#24 WIRE JUMPERS ON 
COMPONENT SIDE (8) 


16" DRILL. SET PC TERMINALS 
(6) ON COMPONENT SIDE 
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Fig. 3. Driiling details for the board. Don't for- 
get to include the eight insulated wire jumpers. 


The PC board with ail of the components installed. 


Power Supply. There are three power 
supply connections to be made to the 
decima! counter: ‘“-}- --’ requires 5.5 to 
7.5 volts at 300 mA; “+” requires 3.6 
volts at 100 mA (with less than 0.7-volt 
peak-to-peak ripple), while “GND” is the 
common supply return. The power sup- 
ply shown in Fig. 6 will power up to 
three decimal counters. 

In constructing the power supply, don’t 
skimp on the value of C2 or the resultant 


9/32" ORILL (10) 


1/8" DRILL (2) 
2-5/8" 


POSITION EXACTLY AS SHOWN 


Fig. 4. Placement of the components on the board. 
Note that all IC’s are notch- and dot-identified. 


a.c. ripple may be too great. All power 
supply leads must be of heavy-gauge 
wire. 


Operation. There are three signal con- 
nections to be made to the decimal count- 
er—“‘Count” input, “Reset” input, and 
“Carry” output. The “Count” input will 
advance the decade counter one count 
each time the input signal abruptly drops 
from +3 volts to ground. However, it is 
important that all input signals be prop- 
erly conditioned to insure that they are 
noise-free and drop abruptly once and 
only once per count cycle. Failure to do 
this will result in erratic counting. 

There are several ways to make a 
“bounceless” input signal. If you want to 
use an s.p.d.t. push button, use the set- 
reset conditioning flip-flop in Fig. 7(a). 
If you want to use an s.p.s.t. “make” 
contact, use the monostable circuit in 
Fig. 7(b). This conditioning is manda- 
tory for any mechanical contact. 

Clean sine or square waves from 100 
kHz to 10 MHz can be directly applied to 


PILOTS PRESS FIT 
IN PLACE; ARE 4 


-| Laer speamac FOR 
ADJACENT DECADE 
Fig. 5. Drilling details for the lamp bracket are 


shown at the ieft. The bracket is secured to the 
printed board and bulbs inserted as shown above. 
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* 
ADO A THIRD SERIES DIODE 
WHEN TESTING A SINGLE MOOULE 


Fig. 6 This recommended power supply will hancle 
up to three decimal counter modules simultaneously. 


POWER SUPPLY PARTS LIST 


C1,C2—15,000-uF, 10-valf electrolytic capaci- 
for (Sprague I83GO1OAC os similar) 

C3,C4-Hil-nF capacitor 

01,02—1N4001 diade 

RECT—1-umpere futliceve bridge rectifier as- 
sembly (Motorale MDAGd2-J, or simitar) 

Ti—filamewt transformer: primars, 117 wolts 
a.c.; secondary, 6.3 volis ac. 1M amperes 
fAuted Electronics 54 E 1429, or stmilar) 


Fig. 7. Pin 8 of the »L914 is identified by a dot. 
The MC789P is identified by a notch and dot code. 


L914 (FAIRCHILD) 
TOP VIEW 
(A) SET-RESET PUSHBUTTON CONDITIONING 


JUMPERS 
AS SHOWN: 


MC789P 
(MOTOROLA) 
TOP VIEW 


iC) HEX INVERTER INPUT SQUARING CIRCUIT 
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the decimal counter “Count” input with- 
out conditioning. Slower signals must be 
squared up using either the hex inverter 
squaring circuit in Fig. 7(c), or the 
Schmitt trigger of Fig. 7(d). Hither of 
the latter two circuits work well with 3 
to 5 volts of peak-to-peak input signal. 
The Schmitt trigger can also be gated by 
holding its “Gate” input at ground when 
“Count” signals are to be passed, or at 
+3 volts or so when ‘‘Count” signals are 
not to be passed. 

The decimal counter ‘‘Reset” input is 
normally grounded. It will automatically 
return the counter to its ‘‘0’' condition 
any time this input is connected to a +3 
volt source. The ‘‘Reset’’ push button 
need not be made “bounceless.” 

The “Carry” output is used when two 
counters are cascaded by directly con- 
necting the “Carry” output of the first 
unit to the ‘‘Count’’ input of the second. 
The second counter will register ‘‘ten’s,” 
a third counter will register ‘“‘hundred’s,” 
and so on. —t- 


BLOIS (FAIRCHILO} 
TOP VIEW 


(8) MONOSTABLE CONTACT CONDITIONING 


GROUND TO 
PASS INPUT. 


+3V TO 
BLOCK INPUT 


pL9l4 (FAIRCHILD) 
TOP VIEW 


10) SCHMITT TRIGGER INPUT SQUARING CIRCUIT 
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